The evaluation of the essential oil (EO) profile of several cultivars of Rosmarinus officinalis, usually not used for food, and the assessment of their antioxidant activity as potential sources of natural antioxidants were studied in this work. Five different cultivars of Rosmarinus officinalis: R. officinalis 'Alba'; R. officinalis 'Blue Rain'; R. officinalis 'Corsican Blue'; R. officinalis 'Israeli'; R. officinalis 'Majorca Pink' and one hybrid of rosemary, Rosmarinus x lavandulaceus Noë, cultivated at CREA Sanremo (Italy), were hydrodistilled separately and the obtained EOs were analysed by GC-MS. Monoterpenes predominated in all the EO profiles but oxygenated monoterpenes were the most abundant constituents in R. officinalis 'Blue Rain', R. officinalis 'Corsican Blue', R. officinalis 'Israeli' and R. officinalis 'Majorca Pink'. R. x lavandulaceus Noë and R. officinalis 'Alba' showed percentages of monoterpene hydrocarbons and oxygenated monoterpenes very similar. -pinene, camphene, 1,8-cineole, camphor, borneol, verbenone, isobornyl acetate and -caryophyllene were the main constituents present in all the plant cultivars, even though in different percentages. Myrcene predominate in R. officinalis 'Alba' (30.3 %), 1,8 cineol in R. officinalis 'Blue Rain' and R. officinalis 'Israeli' (21.9% and 26.4%, respectively), while camphor was the main constituent in R. officinalis 'Majorca Pink' (42.5%) and in R. x lavandulaceus (24.2%). R. officinalis 'Corsican Blue' showed similar amount of the three main components, verbenone , camphor and isobornyl acetate (18.5% >18.2% >15.4%, respectively). All the EOs were also tested for their antioxidant activity using the ferric reducing antioxidant power (FRAP) method and the stable radical DPPH. R. x lavandulaceus Noë showed the highest antioxidant activity, two folds more than that observed in R. officinalis 'Israeli'.
Nowadays many aromatic plants are considered as important source of natural compounds with strong antioxidant activity. Rosemary (Rosmarinus officinalis L., Lamiaceae) is one of the species widely used in folk medicine, cosmetics, phytotherapy, and as flavouring food products [1] . The genus Rosmarinus L. consists of a few species of aromatic shrubs native to the Mediterranean region. R. officinalis L., commonly known as rosemary, is the most famous species, widely cultivated since antiquity as a herb and garden plant. Furthermore, it is the only spice commercially available for use as an antioxidant in Europe and the United States, marketed in an oil soluble form, in dry powder, and also in water dispersible or water miscible formulations. Phenolic compounds such as carnosol, carnosic acid, rosmanol, rosmadial, epirosmanol, rosmadiphenol, rosmarinic acid, etc. are the main constituents, responsible for the antioxidant activity of rosemary extracts [2] [3] . However, data regarding the antioxidant effect of rosemary's essential oils are not abundant [4] [5] [6] [7] . The aim of this study was the assessment of the essential oil (EO) profile of five cultivars of R. officinalis and one hybrid Rosmarinus x lavandulaceus Noë, grown in Italy (CREA, Sanremo), not usually used as food, but proposed as ornamental plants, together with the evaluation of their antioxidant activity as potential sources of natural antioxidants.
All the cultivars used are different for their stress tolerance and adaptation to soil conditions. R. officinalis 'Alba' is a shrub with white flowers and stems [8] . R. officinalis 'Blue Rain' is an evergreen, perennial shrub with a spreading, cascading habitus. It has grey-green, linear, aromatic leaves and light blue flowers or pink flowers. R. officinalis 'Corsican Blue' is characterized by a semi-prostrate, bushy habitus with linear, aromatic, dark green leaves and whorls of small blue flowers. It shows strongly aromatic twinning foliage that is ideal for cooking [8] . The cultivar 'Israeli' has an upright habitus with long branches and big fleshy leaves (to 2 cm long and blue flowers) [8] . The cultivar 'Majorca Pink' is an erect, arching, evergreen shrub with leathery, linear, dark green, aromatic leaves (smell of incense). It shows pink flowers through July and August and it is tolerant to drought [8] . Rosmarinus x lavandulaceus Noë is an hybrid common in Spain, Morocco, Algeria. It is an attractive, prostrate shrub, known for its masses of blue flowers and aromatic foliage, tolerate most soils except for waterlogged or highly alkaline [8] .
The aerial parts of the selected rosemary plants were collected in 2015 during blossoming, dried under controlled temperature and hydrodistilled with a Clevenger apparatus to obtain the respective EOs. The EO analysis was performed by GC-MS according the method previously described [9] . The EO yields ranging from 0. Analyzing these results, it seems that R. officinalis 'Majorca Pink' and the hybrid R. x lavandulaceus belong to the camphoriferum chemotype (EO with camphor > 20%) according the classification reported by Napoli et al. [10] , even though the amount of camphor in the 'Majorca Pink' is twice that of the other cultivar. 'R. officinalis 'Corsican Blue' might belong to the verbenoniferum chemotype due to its verbenone content > 15% (18.5%, as reported in Table 1 ) [8] . Among the other cultivars, only R. officinalis 'Alba' deviated from the other because it shows a high amount of myrcene (30%), double than R. x lavandulaceus. R. officinalis 'Blue Rain' and R. officinalis 'Israeli' evidence a similar behaviour with a high content of 1,8-cineol, camphor,-pinene, borneol and camphene. The only difference is the presence of myrcene in 'Blue Rain' in comparison with 'Israeli' (6.8% vs 1.4%) while oxygenated sesquiterpenes are very similar (1.5% vs 1.3%, respectively). Two groups of EOs were obtained from the Hierarchical Cluster Analysis (HCA) and the Principal Component Analysis (PCA) ( Figure 1A) . One of these groups (I) was formed by R. officinalis 'Alba' and R. x lavandulaceus, while the second group (II) contains all the other varieties with Rosmarinus 'Blue Rain' and 'Israeli' located in the same subgroup, due to the similarity of their composition, not only for the percentages of the main constituents but regarding to the class of compounds (30.4 vs 31.1% of mh and 65.1 vs 64.3% of om, respectively). The PCA analysis revealed a similar behaviour with R. officinalis 'Alba' and R. x lavandulaceus located in the upper left quadrant due to their amount of monoterpenes hydrocarbons and oxygenated monoterpenes (49.3 vs 52.7% and 41.8 vs 43.8, respectively), even though with a very different contribution of the single main compounds. R. officinalis 'Majorca Pink' is always located far from the others (upper right quadrant) probably for its high amount of camphor (42.5%) ( Figure  1B ).
The chemical composition of rosemary EOs was reported in many papers from the literature and it is well known that several factors influenced their composition [11] [12] [13] [14] . As a consequence of this, the biological activity of rosemary EOs can change [3] . Usually rosemary EO evidenced good antimicrobial and antioxidant effects [15] [16] . This is why we tested the antioxidant activities of all the EOs obtained in this work. The EO analysis were carried out by GC-MS, according to the analytical method already reported [9] . Radical scavenger activity: the antioxidant activity was determined in terms of hydrogen-donating or radical scavenging ability, using the stable radical 1-Diphenyl-2-picrylhydrazyl DPPH [19] . The absorbance of the resulting solution was read spectrophotometrically at 517 nm. Scavenging activity was determined by the following equation: % scavenging activity = 100 × (A control − A sample )/A control , where A is the absorbance at 517nm. The IC 50 value was obtained through extrapolation from linear regression analysis, which showed the sample concentration that is required to scavenge 50% of DPPH radicals.
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The antioxidant activity was also determined by using the ferric reducing antioxidant power (FRAP) method with minor modification [20] . Aqueous solution of known (Fe II ) concentration was used for calibration (in a range of 100-1000 μM) as external standard reference.
Statistical analysis: JMP software package SAS (Institute, Cary, NC, USA) was used to statistical analysis. The hierarchical cluster analysis HCA was performed using Ward's method, with squared Euclidian distances as a measure of similarity. Compounds with contents below 1.0 % were excluded from statistical analysis. Statistical analysis was undertaken using specialized software (Statgraphics 5.1, Statistical Graphics Corp., USA). 
